Maturing neurons gradually lose the ability to regenerate axons. In the retina, signals from neighboring cells have been found to induce a perinatal switch from extension of axons to extension of dendrites, a change that may contribute to regeneration failure. 
As the central nervous system (CNS) matures in postnatal life, there is a decline in the ability of neurons to regenerate axons following injury. Embryonic CNS neurons in m.any vertebrate animals will readily regenerate following even the most severe traumas. For example, full functional recovery is made after a complete spinal transection in embryonic chicks [1] , so long as the transection occurs before the midpoint of embryonic development. Following this point, there is a rapid decline in the ability of CNS neurons to regenerate axons after injury, culminating in complete regenerative failure by early postnatal stages.
Changes in the CNS environment and the intrinsic properties of maturing neurons both contribute to the gradual decline in regenerative potential [2] . Adult central neurons are capable of regeneration under permissive conditions [3, 4] , indicating that the inhibitory environment of the injured adult CNS prevents the regrowth of axons. Yet even in favorable environments, adult regeneration is slow, typically well below the rates of axon extension observed from the same neurons at embryonic stages. Conversely, embryonic neurons transplanted to adult injury models regenerate significantly better than adult neurons in the same non-permissive environment [5, 6] . Even adult peripheral neurons that are capable of relatively robust axonal regeneration in the permissive environment of the peripheral nerve are nonetheless significantly impaired relative to the regenerative ability of their younger counterparts [7] . So while the inherent rate of axonal regeneration may be superior for peripheral neurons compared to central neurons, all neurons exhibit a similar, cell-autonomous decline in their ability to regenerate axons between embryonic and adult stages.
What is the underlying basis for the gradual decline of axonal regeneration capability? Ben Barres and colleagues [8] have recently examined the regeneration capability of retinal neurons at embryonic and postnatal stages. In agreement with previous work, they found a dramatic, age-dependent decline in the ability of retinal neurons to regenerate axons in culture. Surprisingly, this developmental decline does not appear to be activated by an intrinsic neural program or induced by target-derived factors, but rather it requires contact with maturing amacrine cells within the retina. Amacrine cell membranes are sufficient to shift retinal ganglion cells in culture from the efficient production of long axons to the generation of numerous, short processes containing the dendritic marker MAP-2 ( Figure 1 ). This shift from production of axons to production of dendrites does not spontaneously revert over time in culture, suggesting that once the change has occurred, it is quite stable.
Goldberg et al.
[8] examined a number of factors capable of stimulating retinal axon regeneration and concluded that most have only modest effects on the developmental switch from axonogenesis to dendritogenesis. Elevating levels of cAMP, Bcl-2 or the neurotrophin receptor TrkB did not significantly close the gap in performance between embryonic and postnatal neurons. Similarly, the presence of growthpromoting matrix molecules such as laminin did not relieve the handicap of older neurons, despite the fact that laminin was able to enhance survival at both developmental stages.
Each of these observations contrasts with earlier work on retinal regeneration in ways that may prove to be quite informative. Filbin and colleagues [9] found that regeneration of neurites from P5 retinal ganglion neurons could be promoted by elevating cAMP, although in this work neurites were not characterized for axonal or dendritic markers. The contrast between how cAMP effects outgrowth in these two studies [8, 9] suggests that cAMP levels may indeed stimulate neurite outgrowth from older neurons, yet not reverse the developmental switch that results in older neurons regenerating dendrites at the expense of axons (Figure 1) .
Enhanced expression of the anti-apoptotic gene bcl-2 in adult animals was earlier found to promote the regeneration of retinal axons within the optic nerve [10] . It is somewhat surprising, therefore, that overexpression of bcl-2 in culture only modestly improves the outgrowth of postnatal retinal neurons. One possibility is that the effects of Bcl-2 on regeneration are specific to the environment of the damaged optic nerve. There are also indications that Bcl-2 can have pleiotropic effects on neurons. Although the primary function of Bcl-2 is to promote cell survival, embryonic neurons derived from bcl-2 null animals are slow to mature in culture [11] and their rate of axon extension on laminin is suppressed [12] , suggesting that Bcl-2 may delay terminal differentiation and alter axon extension in addition to promoting neuronal survival.
The failure of growth-promoting matrix proteins such as laminin to eliminate the disparity between embryonic and postnatal regeneration is consistent with postnatal neurons losing responsiveness to such enhancing substrata over developmental time [13] . Indeed, increasing the response of retinal neurons to laminin by activation of neuronal integrins clearly improves axon regeneration under some circumstances [14, 15] . The observation that laminin efficiently promotes the survival of both embryonic and postnatal neurons, without restoring the regenerative ability of older neurons to that of their younger counterparts, suggests that the survival-enhancing and neurite-promoting effects of laminin are mediated by different mechanisms. Postnatal neurons may well retain the ability to respond to laminin with enhanced cell survival, while still losing their ability to respond to laminin in a manner that supports axon regeneration.
The observation that several factors capable of stimulating regeneration fail to reverse the developmental switch from production of axons to production of dendrites supports the conclusion that this switch is quite stable. It will be of considerable importance, therefore, to define the molecular mechanisms through which this switch is thrown. In many cases, the generation of neuronal polarity -the specialization of neuritic processes into distinct dendritic and axonal functional domains -appears to be largely a cell autonomous program which can be modulated by extracellular factors [16] . Interestingly, cell adhesion molecules expressed by neurons can differentially promote the formation of dendrites and axons in culture. For example, N-cadherin promotes dendrite formation from hippocampal neurons while suppressing the formation of axons [17] . A number of cadherins are expressed specifically by amacrine cells during early postnatal stages of retinal development [18] . Whether amacrine-associated adhesion molecules contribute to regeneration failure by promoting the formation of dendrites at the expense of axons is a readily testable hypothesis.
The possibility that a stable switch in the functional character of the processes elaborated by neurons contributes to the failure of older CNS neurons to regenerate long-projecting axons is supported by unpublished studies on other adult cell types. When adult cortical, nigral or retinal neurons are transplanted to adult white matter, the few cells that survive elaborate numerous short processes but do not regenerate long-projecting axons (J. Silver, personal communication), suggesting that diverse CNS neurons undergo a cell-autonomous switch from production of axons to production of dendrites. These results contrast dramatically with the earlier findings of Silver's group that adult peripheral neurons are capable of long-distance axonal regeneration in both intact [19] and degenerating [20] white matter tracts. The distinct behavior of central and peripheral neurons transplanted to the adult CNS suggests that despite their shared inability to regenerate into the damaged CNS in vivo, there may well be significant differences in the intrinsic response of mature CNS and PNS neurons to the adult whitematter environment.
A potential caveat to the experiments of both Barres' and Silver's groups is that explanted and transplanted neurons are regenerating from the cell body following complete axotomy, a situation that may be quite different from regeneration of axonal growth cones from a severed axon stump. The experiments of Aguayo's group [3, 4] 
